Additional figures
: Distribution of lipid types in the 50% POPE/50% POPG membrane patch used in the reported simulations. Shown here are snapshots of the system before the simulations and after Sim1 (Sim2 uses the same membrane patch) for both top and bottom views. The RC-LH1-PufX dimer is shown as a gray surface; lipid molecules are shown in yellow, with the phosphorus atoms shown as blue and red spheres for the POPE and POPG phosphorus atoms, respectively. (D) Calculation of the radius of curvature. For a point P on the surface, the radius of curvature along the x-axis, r x , is computed by measuring the radius of the osculating circle passing point P that lies in the x-z plane.
LH1α-13 LH1α-5 PufX RC Figure S3 : Twisting of the membrane is correlated with the RC orientation within the RC-LH1-PufX dimer.
(A) Side view of the protein along the long dimer axis (i) at t = 0, (ii) at the end of Sim1, and (iii) at the end of Sim2. The RC is shown in green, PufX in red, and LH1α in blue; LH1β is not shown for clarity. At t = 0, the system is symmetric. At the end of Sim1, the two LH1 monomers swung in opposite directions. For Sim2, the dimer stayed symmetric when confined within the EM map. In (B), LH1 and PufX are not shown, and only the RC closer to the view is shown for clarity, colored according to residue type: non-polar residues in white, polar residues in green, positively charged residues in blue, and negatively charged residues in red. (C) RC and its neighboring LH1α (LH1α-5 and LH1α-13, colored in blue) and PufX (colored in red). By the end of Sim1, LH1α and PufX became closely associated with the RC, and tilting in RC occurred similar to the tilting in the LH1 and PufX helices. In Sim2, RC, LH1 and PufX remained vertical.
Structural features of the bent RC-LH1-PufX dimer model
The MDFF simulation, followed by a 29-ns equilibration in Sim1, provided an atomic model for the bent RC-LH1-PufX dimer. One should, however, be cautious in interpreting structural information through this model. In particular, the extrinsic regions of the RC-LH1-PufX dimer are not wellresolved in the EM map of the negatively stained dimers (1) and, therefore, during the MDFF simulations, the C-and N-termini of LH1 and PufX are likely distorted through artificial steering into the density map. The long equilibration following MDFF possibly remedied this problem by allowing the LH1 and PufX extrinsic regions to search for their natural positions, but the accuracy of the final model cannot ultimately be determined without a high-resolution structure. An issue in this regard is the actual location of PufX. Here, we discuss features of the bent RC-LH1-PufX dimer model resulting from Sim1 and how they reflect upon the known structural and functional properties of RC-LH1-PufX. The discussion here focuses on structural aspects of the RC-LH1-PufX protein; the pigment organization within the RC-LH1-PufX dimer resulted from the MDFF simulations is discussed in Şener et al. (2) .
A key observation of the RC-LH1-PufX model obtained through Sim1 is the high surface complementarity seen at the RC-LH1 and LH1-PufX interfaces, illustrating close hydrophobic interactions (Fig. S4) . PufX is found tightly associated with the neighboring LH1α helices (LH1α-13 and LH1α-14 for one RC-LH1-PufX monomer and LH1α-27 and LH1α-28 for the other monomer; the numbering of LH1 helices is shown in Fig. 1A ), in agreement with a reconstitution study suggesting interactions between LH1α and PufX (3). Surface complementarity can be quantitatively described by measuring the contact surface area between two proteins. The contact surface area was measured to be approximately 700Å 2 between PufX and LH1α-13 after Sim1 (compared to 500Å 2 at t = 0), and 550Å 2 between PufX and LH1α-14 (compared to 330Å 2 at t = 0; see also Table S1 ). To get a sense of what contact surface area implies close interaction, we note that each pair of α/β-apoproteins in Phaeospirillum molischianum (renamed from Rhodospirillum molischianum (4)) LH2 has approximately 620Å 2 of contact surface area, and the neighboring α-apoproteins have 550Å 2 contact surface area (5) . By comparing with the LH2 helices, one can conclude that PufX is closely associated with the LH1α-13 and LH1α-14 helices, in agreement with previous experimental studies (3, 6) . It is also worth noting that a salt bridge between LH1β-13 Asp5 and PufX Arg20 formed at the end of Sim1 (Fig. S4A-iii) , enhancing the PufX-LH1 association in addition to the hydrophobic interaction with LH1α. In total, it was observed that PufX interacts most closely with LH1α, and less so with LH1β or RC. This permits PufX to dock, in principle, at any location where LH1α is available. from crystal structure LH2α/β 620 LH2α/α 550 Table S1 : Contact surface area (inÅ 2 ) characterizing the PufX-LH1 and RC-LH1 associations. The LH2α/β and LH2α/α (between neighboring α helices) contact surface areas were also measured for comparison, using the LH2 structure from Phaeospirillum molischianum (PDB entry 1LGH) (5).
High surface complementarity was also found between the RC and its neighboring LH1α helices. Fig. S4B shows that the shape of the RC surface matches that of LH1α-4 and LH1α-5. The contact surface area was measured to be 840Å 2 between RC and LH1α-4, and 570Å 2 between RC and LH1α-5 (see also Table S1 ). Moreover, a network of salt bridges between LH1 and the RC was found (Fig. S5) . Fig. S5A shows the four salt bridges formed by the end of Sim1 in one of the RC-LH1-PufX monomers (LH1β-15 Lys3:RC-H Asp46, LH1β-19 Asp2:RC-L Lys202, LH1α-17 Arg15:RC-H Glu94, and LH1α-19 Asp12:RC-H Lys60). All of the residues participating in salt bridges are located outside of the membrane in the flexible loop/coil region. The location of these residues has two likely advantages: during RC-LH1-PufX formation, the flexibility of the loop/coil region allows for wider motions of these residues, permitting them to search for other salt bridge partners; after the dimer is formed, the network of salt bridges ensures structural integrity of the dimer, while the flexibility of their locations allows for the dimer's internal flexibility, essential for the function of the protein. Indeed, the photosynthesis process requires migration of quinone/quinol molecules into and out of the RC. It is still not well understood how the quinone/quinol molecules pass through the LH1 ring (7); it has been suggested that LH1 exhibits "breathing" motions that facilitate the passage of quinone/quinol (8) (9) (10) (11) . Flexibility of LH1 is also supported by atomic force microscopy images showing a wide variation in the shape of LH1 in Rba. sphaeroides mutants lacking LH2 and RC (12), as well as the observation of both elliptical and circular RC-LH1 rings in Rsp. rubrum (8, 9) .
Another source of RC-LH1-PufX dimer flexibility is the availability of multiple salt bridge partners for the RC residues, shown in Fig. S5B . At the beginning of the simulation, Lys60 of RC-H formed a salt bridge with Asp12 of LH1α-5. During equilibration, this salt bridge was broken and Lys60 of RC-H formed a salt bridge with Asp5 of LH1β-4 instead. Having such "back-up" salt bridges provides conformational freedom for the LH1 helices around the RC without losing the LH1-RC association. The RC residues identified to participate in salt bridges with LH1 are RC-H Asp46, RC-L Lys202, RC-H Glu94, and RC-H Lys60. Mutation of these residues into neutral alternatives should weaken the RC-LH1 association and may even inhibit the formation of the RC-LH1 complex. 
